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Summary: In public health research and more precisely in the reuse of elec-
tronic health data, selecting patients, identifying specific events and interpreting
results typically requires biomedical knowledge. The queryMed R package aims
to facilitate the integration of medical and pharmacological knowledge stored
in formats compliant with the Linked Data paradigm (e.g. OWL ontologies
and RDF datasets) into the R statistical programming environment. We show
how it allowed us to identify all the drugs prescribed for critical limb ischemia
(CLI) and also to detect one contraindicated prescription for one patient by
linking a medical database of 1003 CLI patients to ontologies.
Availability: queryMed is readily usable for medical data mappings and
enrichment. Sources, R vignettes and test data are available on GitHub
(https://github.com/yannrivault/queryMed) and are archived on Zenodo
(https://doi.org/10.5281/zenodo.1323481).
1 Introduction
Medico-administrative databases (e.g. electronic prescription databases and
medical insurance databases) are useful for public health research, especially
in pharmaco-epidemiology. Patient health status and care prescriptions enable
identifying severe drug interactions (Nobili et al., 2009) or adverse drug reactions
(Durrieu et al., 2014), and studying their determinant on a large scale popula-
tion. Medical knowledge is necessary for each research step: before the analysis
to select patients, data, and to identify specific events, or after the analysis
to interpret the results. Typically, data in such databases are stored following
various semantics and syntactic standards. These data encodings are instrumen-
tal for semantic interoperability and knowledge-based data exploration (Pathak
et al., 2013). Their exploitation typically requires non-trivial ad-hoc processing.
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Semantic Web technologies provide the underlying framework for both syn-
tactic and semantic interoperability, ultimately facilitating data integration.
Based on these technologies, the Linked Data paradigm promotes the publi-
cation of structured and interlinked knowledge bases. They can be queried on
remote servers, with SPARQL (https://www.w3.org/TR/sparql11-overview/),
a query language targeting RDF graphs, or alternatively on REST APIs. For
example, BioPortal, one of the principal biomedical ontology repositories, pro-
vides methods and tools to access biomedical knowledge through SPARQL end-
points and REST APIs (Whetzel et al., 2011). However, the growing number of
knowledge bases, the heterogeneity of their schema representation, and the lack
of their conceptual description, make the reuse of knowledge bases –and espe-
cially SPARQL query design– a challenge (Jain et al., 2010). Some important
works contributed to reduce these bottlenecks. In particular, in medical do-
main, the Concept Unique Identifier (CUI) from the Unified Medical Language
System has been widely used in ontologies to provide mappings between medical
terms from different nomenclatures. In addition, the Drug Indication Database
(DID) (Sharp, 2017) and the Drug Interaction Knowledge Base (DIKB) (Ayvaz
et al., 2015) have gathered knowledge sources of drug indications and interac-
tions from more than a dozen of Linked Data sources. Despite these works,
knowledge integration in a patient database is still a laborious process for a
non-expert. (Ferreira et al., 2012) highlighted the need for tools that facilitate
the use of ontologies and knowledge bases, especially in epidemiology.
Because data exploration is strongly linked with data analysis, several tools
(Van Hage et al., 2013; Willighagen, 2014; Kurbatova et al., 2015) have made
available Linked Data knowledge bases in the R statistical programming envi-
ronment (R Core Team, 2017). However, designing SPARQL queries remains
a technical barrier that none of the current R packages help to overcome. We
present queryMed, an R library of functions that aims to help users overcoming
this barrier in the field of health data. By providing predefined queries and func-
tions, queryMed thus aims to facilitate the access and linkage of medical and
pharmacological knowledge to patient databases and thereby knowledge-based
exploration.
2 Methods
The main low-level function, sparql(query, endpoint url) sends queries
to SPARQL endpoints. As this function requires an expertise in SPARQL
query design, biomedical ontologies and appropriate SPARQL endpoints, higher
level functions hide predefined SPARQL queries. queryMed offers embed-
ded SPARQL queries suitable for Bio2RDF (Callahan et al., 2013), DBpedia
(Lehmann et al., 2015) and Ontobee(Ong et al., 2017) servers. The provided
queries focus on drugs and diseases and retrieve definitions, abstracts, labels,
comments, synonyms, mappings between nomenclatures or particular annota-
tions like contraindications between drugs and diagnosis.
Alternatively, search(terms, ontologies) uses the search REST APIs
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from BioPortal and SIFR BioPortal (Jonquet et al., 2016). This function
also requires an expertise in BioPortal repository and its ontologies but is
the cornerstone for user-friendly CUI based mapping function. Moreover,
mapping_cui(codes,source,target) enables nomenclatures linkage, and so
expand the potential sources of useful knowledge (Figure 1). Additionally,
queryMed provides curated versions of DID and DIKB. Using the retrieved
knowledge, find_relations(...) function searches for complex semantic rela-
tions that involve two medical terms, like drug indications, drug interactions or
drug-disease contraindications.
3 Application
We used queryMed in the context of a pharmacovigilance scenario, searching for
critical limb ischemia (CLI) patients with at least one prescription contraindi-
cated with CLI or without any indicated prescription. Drug prescriptions 15
days prior surgery to 31 days after surgery were extracted from the French
national system of health data (Medico-administrative data) for 1003 patients
operated in 2015. Using queryMed functions calls, we extracted information
on drug indications regarding CLI from DID, and we could identify 72 CLI pa-
tients that had potentially no prescription listed as indicated for CLI during
the respective period. These patients may either had a flawed care trajectory,
or had a drug delivery in hospital, or DID might not be exhaustive for CLI
drugs. queryMed allowed us to query Linked Data sets without having to learn
SPARQL first. It thus enabled the identification of 91 drugs contraindicated
with CLI, according to NDF-RT ontology. As a result, using a combination of
queryMed function calls, we identified 1 patient with a prescription for a vaso-
constrictor, which is contraindicated with CLI (Figure 1 and queryMed vignette
for details).
Figure 1: queryMed use in a pharmacovigilance oriented scenario.
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4 Conclusion and discussion
queryMed provides R functions to facilitate linking external knowledge stored in
data sources following the Linked Data paradigm, typically accessible through
SPARQL interfaces, with health data. In the context of CLI disease, it enabled
answering healthcare recommendations follow up questions and detecting pos-
sible drug interactions. queryMed design provides simplicity to the users while
dealing with complex and various knowledge representations. The current lim-
itation of queryMed is its small number of predefined queries. Future work will
focus on expanding this set of prebuilt queries for other use cases as well as
for accommodating the possible Linked Data evolutions (e.g. new knowledge
sources).
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